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Micro/Nano mechatronics is currently used in broader spectra, ranging from basic 
applications in robotics, actuators, sensors, semiconductors, automobiles, and machine 
tools. As a strategic technology highlighting the 21st century, this technology is 
extended to new applications in bio-medical systems and life science, construction 
machines, and aerospaceequipment, welfare/human life engineering, and other brand-
new scopes. Basically, the miniaturizing technology is important to realize high 
performance, low energy consumption, low cost performance, small space 
instrumentation, light-weight, and so on. 
In this book, the states of art of research progress are summarized through our project 
“COE for Education and Research of Micro-Nano Mechatronics” and the R&D in 
“Center For Micro-Nano Mechatronics” at Nagoya University. Our project strives to 
foster “young researchers who dare to challenge unexploited fields” by building a 
novel interdisciplinary field based on micro-nano mechatronics. This field is important 
to promote “the world-highest-level of micro-nano mechatronics research with an 
emphasis on originality” from a viewpoint of not only the acquisition of advanced 
technology, but also social issues.  
Our project implements a strategy to realize applications of micro-nano mechatronics, 
which are based on mechanical engineering or materials science, control systems 
engineering, and advanced medical engineering. As shown in Figure 1, the proposed 
research teams include “Nanocontrol engineering”, “Nano measurement engineering”, 
“Nano design and manufacturing”, and “Nano materials science”. 
By establishing joint research and international collaborations between the above 
research teams, we have created the most advanced micro-nano mechatronics. We 
have also trained the researchers who can comprehend industrial circles and social 
issues using an open cluster system as well as conduct research to solve problems 
spanning these four basic fields. In particular, we initially focus on tasks in the bio- or 
medical welfare technologies using a number of unexploited fields, which may 





Figure 1. Innovations by micro-nano mechatronics. 
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cameras,  amusements,  robotics,  automation,  environmental monitoring,  energy  resource,
biological/medical treatments, and so on “Microtechnology” was commonly used to realize
high‐efficiency,  high‐integration,  high‐functionality,  low‐energy  consumption,  low‐cost,
miniature,  and  so  on  By miniaturizing  the  elemental  devices  on  sensors,  actuators,  and
computers in micro‐scale, “Micromechatronics” came up as the one of the important technol‐




Figure 2 shows  the demands of micro‐nano mechatronics  for various social and  industrial
applications For various applications for industry, some techniques are important, especially
micro/nano  fabrication, assembly, control, material, and evaluation  techniques Micro‐nano
mechatronics  is  based  on  various  technologies,  especially  life  science, medicine,  sensing/
actuating, material  science, energy/power, and design/control From  social aspects, human
resource,  environmental  issue,  saving  energy,  safety/security, medical/health,  and  aging
population  are  currently  demanded  From  industrial  aspects,  service  robots,  dependable




“Electrical”,  and  “Biological/Medical”  applications The key point  for  the  categorization  is
inorganic  (wet)  and  organic  (dry)  “Mechanical”  applications  are  relatively  based  on  the
inorganic  materials  or  technologies,  such  as  lithography  technique  On  the  other  hand,
“Biological/Medical” applications, the organic materials or technologies are used, such as self‐
© 2013 Fukuda et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
assembly technique In between them, “Electrical” applications are placed for delivering or
calculating  information  and  so  on  Since  the  micro‐nano  mechatronics  is  the  composite
academic  fields,  the  required  technologies are mainly  categorized  in  to basic/middle/high
integration levels as depicted in Figure 3.
Figure 1. Micro-Nano mechatronics
Figure 2. Micro-Nano mechatronics for social and industrial demands










Figure 3. Required technologies for micro-nano mechatronics
Basically,  nanotechnology   is  placed   in  the  combinations  of  the  top‐down  and  bottom‐up
approaches The possibility to control the structure of matter atom by atom was first discussed
by Richard Feynman in 1959 seriously [1] One of the approaches to fill the gap between top‐
down  and  bottom‐up  approaches   is  “Nanomanipulation”,  which  realizes  controlling   the
position at the micro/nanometer scale, is considered to be one of the promising ways It might be










In micro  scale,  the  important  technologies are Micro Machine, Micro Mechatronics, Micro
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Figure 4. Green and life innovations based on micro-nano mechatronics
Green innovation Technological Challenges
Natural Resources Micro/nano devices for Discovery of oil resource, Management of water
resources, Prevention of forest destruction, etc
Environmental Pollution Monitor, control and management of Environment, Distributed sensing &
control, Pollution control, Green vehicle, etc
Energy Development Energy saving, harvesting and alternatives , Energy grid and
management, Power control and green electronics, etc
Food and Agriculture Safety, testing and tracing, Efficient harvesting, nutritious products,
genetically‐modified products, etc
Table 1. Challenges for green innovation by micro-nano mechatronics
Life innovation TechnologicalChallenges
Medicine for life Inspection and diagnosis , Re‐generative medicine, Gene therapy and life
science, monitoring diseases, Neuro Science, In‐situ diagnostics, Cell
diagnosis and surgery, New drug and medicine, DDS, Minimally invasive
surgery, Rehabilitation, Techno‐care, Wearable robots, Cyborg, QoL, etc
Biology–Analysis and Synthesis Sensing , manipulation and automation, New species, DNA diagnosis &
manipulation, Cell screening, transport, cultivation, and function and
differentiation control, Artificial cell, Life in chip, Cloning of stem cells, etc
Table 2. Challenges for life innovation by micro-nano mechatronics
Micro-Nano Mechatronics — New Trends in Material, Measurement, Control, Manufacturing and Their Applications in
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Figure 5. Blood vessel simulator and surgical operation system
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actuator[17]  , nano‐temperature sensor[18]  , nano‐IR sensor[19]  , super‐molecules  for solar
energy conversion [20] , and so on.
The wide scale controlled devices from atomic scale to meter scale is expected to realize in the
near  future  For  the  high  integrated, miniaturized,  and  functionalized NEMS,  one  of  the
effective ways is to use the bottom‐up fabricated nanostructures or nanomaterials directly As
typical example, the nanodevices are investigated based on the carbon nanotubes (CNTs) It
has  interesting  mechanical,  electronic  and  chemical  properties  which  have  been  under
investigation in various studies [21] There is possibility to use their fine structures directly For
example, “telescoping carbon nanotube”, which is fabricated by peeling off the outer layers of

























advanced medical  engineering As  shown  in  Figure  6,  by  establishing  joint  research  and
international  collaborations  between  the  above  research  fields, we  are  creating  the most
advanced micro‐nano mechatronics and  train  researchers who  can  comprehend  industrial
circles and social  issues using an open cluster system as well as conduct research  to solve
problems spanning these four basic fields In particular, we will initially focus on tasks in the
bio‐  or medical welfare  technologies  using  a  number  of  unexploited  fields, which may
consequently produce venture  enterprises  Some  research  results  are  figured  as  shown  in
Figure 7 in the four basic research fields Detail information or more recent results will be given
by the following chapters in this book.
Figure 6. Milestone of Micro-Nano mechatronics research fields
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Figure 7. Examples of research results of micro-nano mechatronics from the center for micro-nano mechatronics of
Nagoya University




This  chapter  presents  the  brief  introduction  of  research  and  technology  on micro‐nano
mechatronics For industrial applications, various devices are developed and available, such
as  applications  to  the  automobiles,  computer peripheries,  amusements, printers,  cameras,
robotics  automation,  environmental  monitoring,  biological/medical  treatments,  energy
resource, and so on Those devices are investigated based on the micro‐and nano‐mechatronics


















Prepared  by  Anodization.  Japanese  Journal  of  Applied  Physics  2005;44(7B)
5786‐5790.
[5] Sun Y, Nelson B.  J. MEMS Capacitive Force Sensors  for Cellular and Flight Biome‐
chanics. Biomedical Materials 2007;2(1) 16‐22.
[6] Motoo K, Arai F, Fukuda T, Katsuragi T,  Itoigawa K. High  sensitive  touch  sensor
with piezoelectric  thin  film  for pipetting works under microscope. Sensors and Ac‐
tuators A 2006;126 1‐6.
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Chapter 2
Neural Interfaces: Bilateral Communication Between
Peripheral Nerves and Electrical Control Devices
Goro Obinata, Hitoshi Hirata, Chikara Nagai,










amputated people  can  reconstruct  certain motor  functions by using  such neuroprosthetic
devices.  Brain‐machine  interfaces, which  are  direct  data  links  between  human  brain  and
machines, are one kind of neural interfaces [1]. Such interfaces have been proposed during this












of  the  implanted  neurons which  grow  into muscles make  biological  interfaces  for motor
© 2013 Obinata et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
commands to the muscles. The other ends of the implanted neurons are connected by special
types of electrodes to communicate with electric devices of motor controllers. The diameter of
mammalian motor neurons  is  from 0.5 μm  to 20 μm. There  is a  reason why our  research
































[6],  hESCs  have  been  thought  a  promising  source  of  replacement  cells  for  regenerative
medicine. Although Geron Corporation has been no longer enrolling patients for the trial, they
conducted the first clinical trial in the United States to evaluate the safety of oligodendrocyte





Figure 3. Change in the band structure of an (8,0) SWBNNT. The origin of the energy scale is set at the Fermi level.
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  state  along  a  circumference passing  through boron  atoms under no deformation  (Figure
6(a), εzz=0.00), and that the tension, torsion, and flattening induce the change in the CBM state.
With increasing flattening deformation (Figure 6(d)), charges are transferred from the flattened

















Figure 5. Change in the energy gap of (8,0) SWBNNT under flattening following axial tension.}
















Figure 6. Change in the CBM charge density. Cross sections passing through boron atoms are shown.
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Figure 7. Deformation energy of the SWBNNTs as a function of (a) axial strain, (b) specific angle of twist, (c) flattening
ratio.
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geometric contact conditions between a  tube and an AFM  tip,  the flattening force per unit
length of a (6,0) SWCNT (D0=0.470 nm) is calculated to be 15.4 N/m when η=0.4 and R=30 nm.
In contrast, from Figure 8, that of the (6,0) SWBNNT (=F/Lz0) is estimated to be 16.8 N/m at
η=0.4.  The  results  demonstrate  that  the  flattening  force  is  almost  equal  in  SWCNTs  and
SWBNNTs,  indicating  that  the  same  experiments  as Barboza  et  al. would  be  feasible  for
SWBNNTs. The fact that CNTs and BNNTs almost have the same tube shape and size when




















Figure 10. Simulation model of (13,0)@(21,0) DWBNNT.
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Figure 11. Schematic illustration explaining flattening compression of BNNTs.
Atomic positions  and  the  cell  size  in  the  z‐direction  are  first  relaxed using  the  conjugate
gradient method until  atomic  forces  and  the  stress  component, σzz, become  less  than  0.01

















Figure  12  shows  the  change  in  the  energy  band  structures  of  the  (13,0)  SWBNNT  and
(13,0)@(21,0) and (5,0)@(13,0) DWBNNTs during flattening deformation. The other SWBNNTs
and the (5,0)@(13,0)@(21,0) TWBNNT show a similar changing trend of the band structure to
the  (13,0)  SWBNNT  and  the  (5,0)@(13,0) DWBNNT,  respectively.  Both  the  valence  band
maximum  (VBM)  and  the  conduction  band minimum  (CBM)  of  the  (13,0)  SWBNNT  and







in  ECBM.  In  the  (13,0)  SW  and  (13,0)@(21,0) DWBNNTs  (Figure  12(a),  (b)),  ECBM  decreases
monotonically. In contrast, in the (5,0)@(13,0) DWBNNT (Figure 12(c)), ECBM first increases and
then decreases.
Figure 12. Change in the band structure of (13,0) SWBNNT and (13,0)@(21,0) and (5,0)@(13,0) DWBNNTs in flatten‐
ing deformation. The origin of the energy scale is set at the Fermi level.



























Figure 13. Relationship between energy gap, Eg, and flattening ratio, η, of (5,0), (13,0), and (21,0) SWBNNTs,



























of  the SWBNNTs decreases under  flattening because of  the  formation of electronic bonds
between neighboring boron atoms in the curved regions. The charge density distribution in
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Figure 14. Change in the CBM charge density of (5,0), (13,0), and (21,0) SWBNNTs in flattening deformation.




























Micro-Nano Mechatronics — New Trends in Material, Measurement, Control, Manufacturing and Their Applications in
Biomedical Engineering
182














































Figure 17. Change in the CBM charge density of (5,0)@(13,0) DWBNNT and (5,0)@(13,0)@(21,0) TWBNNT during
flattening deformation.





















Figure 7. Patch-type flexible flow sensor for large scale air-conditioning network systems.
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Figure 8. Concept of catheter flow sensor for trans-bronchial measurement. Republished with permission of IOP Pub‐






















type  flow  sensor. The  inner and outer diameters of  the  tube are 1.0mm and 1.8 mm. The




Figure 9. Fabricated catheter type flow sensor. Republished with permission of IOP Published Ltd from Ref. [39].
Experiments were  done  under  the  regulations  set  out  in  the Nagoya University Animal















and  aspiration was  obtained. This means  that  the  respiration  frequency was  1.1 Hz. The
ventilated air volume was calculated from this breathing waveform, and a value ranging from
1.01–1.09 cc was obtained. The known respiration frequency and ventilated air values of rats















Figure 10. Breathing waveform of rat measured with intubated catheter flow sensor. Republished with permission of
IOP Published Ltd from Ref. [39].
Figure 11. Stent flow sensor for evaluation of nasal respiration. Republished with permission of IOP Published Ltd
from Ref. [40].
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Single Cell Nanosurgery System
Toshio Fukuda, Masahiro Nakajima,













Yeast  is  one  of  the  simplest  eukaryotic  organisms  (organism whose  cells  contain  a  clear
defining membrane‐bound  structure of nucleus) but many essential  cellular processes are
conserved between yeast and humans. There are genes in yeast and mammals that encode
very similar proteins  [3]. Comparison of  the yeast and human genomes,  reported  in 1997,
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The nanomanipulation system  inside TEM/SEM  is a  fundamental  technology  for property
characterization of nano materials, structures and mechanisms, with the fabrication of nano
building blocks, and for the assembly of nano devices. The nanomanipulation system inside


































wave  length  is  less  than  ~0.1 Å. EMs  are divided mainly  two  types  as  scanning  electron
Figure 1. Single cell nanosurgery system based on micro/nanomanipulators under various microscopes (wet/semi-
wet/dry conditions).






resolution  transmission  electron  microscope  (HR‐TEM).  The  manipulator  was  specially
designed with atomic level positioning resolution [19].




























manipulation  of  water‐containing  biological  samples  under  nanometer  high  resolution
imaging.
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Figure 2. Single Cell Nano-surgery System with various nano-tools
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purpose of  cell  cutting  [37]. The nano knife was designed by welding  a CNT  across  two
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Figure 3. Single cell adhesion force measurement using micro putter inside ESEM.











Figure 4. Schematic drawing of the single cell cutting experiment using nano knife inside ESEM.
Figure 5. Single cell cutting using nano knife inside ESEM.
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